6 111 holo forms, we propose a mechanism underlying the assembly process suggested by Chen's group 112 [24] and indicate how methionine residues control it. Copper stress in CusB mutants during cell growth 121 The present study aimed to elucidate the various Cu(I) binding sites in CusB; we hypothesized that 122 deletion of single methionine (Met) residues in CusB, which possibly play a role either in Cu(I) 123 coordination [18, [25] [26] [27] , in the Cus channel assembly process, or in the transfer mechanism may 124 also affect cell viability upon Cu(I) stress. Ten Met residues exist in CusB; in order to determine 125 which of them are essential for cell growth, we introduced a single point mutation in one of them. 126 Initially, we knocked out CusB (∆CusB) in the native E. coli cells and then transformed either WT 127 or a mutated gene into the knocked out cells. The protein expression level as well as the secondary 128 structure was identical to all clones; therefore, we could compare the growth rates of the various 129 mutants ( Figures S5, SI) . In each mutant, one of the Met residues was converted into isoleucine. 130 We used Cu(II) in the cell experiments because it can penetrate into the cell and is reduced to 7 134 hr and their cell growth was compared in the absence and presence of Cu(II) in the medium.
135
Growth rate lines for various CusB clones are presented in Figure 2 .
136
The ability of E. coli cells to grow under Cu(II) stress was reduced by 32  4%, compared with 137 wild-type (WT) CusB after 14 hr of growth ( Figure 2 ). Then we monitored the cell growth of each 138 single mutation ( Figure 2 ). All mutants grew less well than did WT-CusB even before adding spectroscopy that the secondary structure of the protein is not affected by the mutation (Figure S4 , 157 SI). distance distribution functions are in Figure 3B . Because CusB was found to be a dimer in solution
181
[22], the distance distribution between four spin labels was consumed ( Figure 3C ). For WT-CusB, 182 distance distributions of 2.5  0.5 nm for the apo-state and 2.8  0.3 nm for the holo-state 183 (CusB+Cu(I)) were detected ( Figure 3B ). To compare the DEER data with the structure of CusB, in Figure 1B are essential for the protein to function. the change in the absorption peak intensity of the Cu(I)-(BCA) 2 complex at 562 nm, which is 226 associated with protein titration [42, 43] .
227
When the solution of the Cu(I)-(BCA) 2 complex was titrated with CusB mutants, the CusB mutant 228 competed for Cu(I) with BCA, thereby decreasing the concentration of Cu(I)-(BCA) 2 , which 229 lowered the absorption peak intensity at 562 nm. Figures 4A and 4B show the absorption spectra 230 recorded for the titration of Cu(I)-(BCA) 2 with WT-CusB and CusB_M64I, respectively. The 231 decrease in the absorption peak at 562 nm suggests that both WT-CusB and CusB_M64I may 232 compete for Cu(I) with BCA. However, the affinity of CusB_M64I for Cu(I) is weaker than that 233 of WT-CusB. Figure 4C presents Increases in the K D value weakens the binding between CusB and Cu(I). The lowest K D value was 249 observed for WT-CusB; the highest value was for CusB_M64I; however, CusB_M241I had a 250 slightly lower K D value than that of CusB_M227I. This result is very consistent with the DEER 251 measurement, which showed more significant inhibition of the conformational changes in CusB 252 associated with Cu(I) binding for CusB_M241I than for CusB_M227I. Cell viability decreases due to Cu(II) stress on CusB mutants during growth. 260 We conducted live/dead fluorescence cell imaging experiments to determine whether point 261 mutations might lead to cell death or only to a reduction in E. coli cell growth ( Figure 5A , in which 262 red and green dots denote dead and live cells, respectively). At the late lag phase, some dead cells 263 were observed in M9 medium, even for the WT-CusB clone, because M9 was a poor medium.
264
Note that late lag phase differs among all mutants; it is determined by the growth rate ( Figure 2 ).
265
A comparison of cell images of the WT clone with those of the CusB_M64I clone at the late lag 266 phase ( Figure 5B ) indicates a 62  7% increase in the dead cell count before incorporating Cu(II) 267 into the growth medium and a 100  1% increase for clones grown under Cu(II) stress. With
268
CusB_M241I and CusB_M227I, there were increases of 30  3 and 23  4%, respectively, in the 269 dead cell count before incorporating Cu(II) into the growth medium and increases of 90  2 and 270 75  1%, respectively, for the same clones grown under Cu(II) stress.
271
Monitoring the cell viability, as affected by time, revealed that changes in growth rates were 272 followed by cell deaths and not merely slower cell growth ( Figure 5C ). After 8 hr of growth in 3 273 µM Cu(II), 60  7% of cells containing WT-CusB remained alive and 18  2% remained alive for 274
CusB_M241I. An identical imaging comparison can be found in the SI for other clones: the 275 percentages of living cells after 8 hr of growth in 3 µM Cu(II) were 16  2 and 20  1 for 276 CusB_M64I and CusB_M227I, respectively. . In another study on full-length CusB, we found that CusB dimer had 293 to adopt a specific conformation in association with Cu(I) binding [22] . Importantly, we showed 294 that domains 2 and 3 underwent major structural changes associated with Cu(I) binding, in 295 agreement with the crystal structure reported; this proposes that an additional Cu(I) site exists in 296 this region. In the present study, we initially performed cell growth experiments. Each time, we 297 mutated a different methionine residue. All mutants affected the cell growth rate, however, four of 298 them had a slightly larger effect on the cell growth in respect to others, and therefore we focused 299 on these mutants. By coupling in-vitro and cell experiments, we highlighted the importance of conducting cell experiments, we found that both residues were important for cell growth. This 331 confirms the importance of CusA and CusC for the whole cellular assembly process. Moreover, 332 the distances reported above between the methionine residues in the CusB dimer may change, and 333 they probably will become smaller in the presence of CusA and CusC. 
